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© Eddy current non-destructive examination. 

© A method and apparatus for non-destructively 
examining cylindrical material by electromagnetic in- 
duction uses primary coils (14.16) separated by an 
annular gap. The primary coils are excited oppo- 
sitely so that the respective magnetic fields thereby 
generated are in boosting relationship in the gap. 
Close electromagnetic coupling of the primary coils 
with the material under examination is effected, and 
detector means, such as secondary coils (18a,18b, 
etc) are disposed in the gap to detect flux perturba- 
tions caused by variation in the properties of the 
material under examination. 
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Eddy Current Non-Destructive Examination 



This invention relates to a method of non- 
destructive examination by electromagnetic induc- 
tion of metallic material in cylindrical solid or tubu- 
lar form. It relates also to apparatus for this pur- 
pose. 

By electromagnetic induction, eddy currents 
are generated in the metallic material under exami- 

TZZ* ."hT* " AC eXCltafi0 " * a """W coil 
or coils, and the perturbation of the eddy currents 

caused by variations in the properties of the ma- 

tenal gives rise to modifications of the associated 

magnetic field which are detectable by a secondary 

coil or coils, or by other suitable detector means. 

For the examination of metallic material in cy- 
lindncal form, most commonly tubular cylindrical 
material such as pipe or tube, a close electromag- 
netic coupling of the primary coil with the material 
asdistinct from a remote field arrangement, is 
effected by sizing the coil to fit closely, even con- 
tiguously, around the outer diameter of the ma- 
terial, or around the inner diameter if the form is 
tubular. Such coupling is effective over the full 
circumference of the material and is an aid against 
tie phenomenon of so-called "Bit-off" which is a 
variability of the coupling giving rise to interfering 
signals in the conduct of the examination. However 
wth dose electromagnetic coupling there is pre- 
cluded the arrangement, of which examples are 
already known, in which a secondary coil or coils 
tor detection purposes is or are interposed between 
the pnmary coil or coils and the material under 
examination. 

According to one aspect of the invention there 
•s provided a method of non-destructive examining 
by electromagnetic induction a metallic material in 
cylindrical solid or tubular form, comprising closely 
electromagnetically coupling with the material pri- 
mary coils which are separated by an annular gap 
the primary coils being closely fitted around the 
outer diameter, or the inner diameter if present Of 
the material; oppositely exciting the primary coils 
by alternating current such that the respective 
magnetic fluxes thereby produced are in boosting 
relationship in the gap; detecting in the gap at a 
discrete location circumferentially thereof flux per- 
turbations caused by variations in the properties of 
the material in the vicinity of that location; and 
shifting in a circumferential sense the location at 
which the detection as aforesaid is operative in 
order that the position in the material of any de- 
tected variation in the properties thereof is as- 
certainable from the location at which the detection 
•s operative at the time and the position of the 
primary coils along the length of the material. 

According to another aspect of the invention 



there is provided non-destructive examination ap- 
paratus operable by electromagnetic induction for 
examining metallic material in cylindrical solid or 
tubular form, comprising primary coils separated 
s by an annular gap and sized for close electromaa- 
netic coupling with the material by fitting around 
the outer diameter thereof, or the inner diameter if 
present a high-frequency alternating current gener- 

ro £ Z eX<Mng the P rimarv ««• oppositely such 
ro that the respective magnetic fluxes thereby pro- 
duced are in boosting relationship in the gap- de- 
^tor^means disposed in the gap to detect flux 
perturbations caused by variations in the properties 
of the material in the vicinity of the detector means- 
rs and means to shift circumferentially the location at 
which the detector means is operative in order that 
the position in the material of any detected vari- 
ation in the properties thereof is ascertainable from 
the location at which the detection means is oper- 
» ative at the time and the position of the primary 
coils along the length of the material. 

Detection in the gap of the flux perturbations 
may be by means of magneto-diodes. Hall effect 
devices or secondary coils. In the case of secon- 
ds dary coils, the coil axis is preferably arranged 

^ ° f the Primary colls - 3,1 arrange- 
ment which aids narrowing the width of the gap to 

a minimum thereby to achieve utmost concentra- 
tion of the magnetic flux generated in the gap 
*» With a ring of detectors, such as secondary 

coils each orientated radially of the axis of the 
pnmary coils, a sequential sampling of each detec- 
tor m turn enables by displacement of the com- 
binahon lengthwise of the material the execution of 
as a helical scan. This is a technique to be preferred 
over the alternative of physically rotating the com- 
bination simultaneously with the lengthwise dis- 
placement which is apt to create difficulties with 
mechanical stability and durability. For robustness 
40 ? h spe ?f y where "se is to be inside pipe or tube in 
the style of a pig for passing along the bore, the 
combination is preferably in a fully encapsulated 
assembly containing also such commutation as 
may be needed for the sampling of multiple detec- 
ts tors, suitably in solid state form. 

An embodiment of the invention will now be 
descnbed. by way of example, with reference to 
me accompanying drawing in which: 

Figure 1 is a diagrammatic elevation of a pig 
so component for use in the examination of boiler 
tubes, and 

ro m no R9 T e f iS 3 bl0Ck dia9ram of the ™ain 
components of signal processing circuitry 

The pig of Figure 1 is for travelling along the 

interior of a boiler tube to be examined such tube 
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being, for example, in or for the steam generator of 
a pressurised water nuclear reactor and therefore 
being of a suitable type of alloy steel. The diameter 
of the pig is uniform over its whole length and is 
sized, inclusive of encapsulation, to be an easy 
sliding fit within the bore of the tube. 

Between two end pieces 10 and 12 are pimary 
coils 14 and 16 which are wound co-axially to the 
full diameter for maximising the closeness of the 
electromagnetic coupling around the full circum- 
ference of the tube wall. In an annular gap defined 
between adjacent ends of the primary coils are 
disposed a ring of secondary coils, such as those 
referenced 18a and 18b, which have their axes 
radial to the pig axis. Such secondary coils are 
spaced equiangularly and are closely packed in the 
ring to maximise their number, there being sixteen 
in the present example. They may conveniently be 
wound on cores projecting radially from a common 
cylindrical former (not visible in the drawings). 

Referring to Figure 2, a high frequency electric 
current generator 20, preferably having multi-fre- 
quency selection, is arranged to drive current 
through the primary coils 14 and 16, which are 
wound oppositely on the pig so as to be oppositely 
excited, thereby to produce in the gap occupied by 
the secondary coils a boosting relationship of the 
magnetic fluxes set up by the primary coils. The 
secondary coils 18a, 18b etc are connected individ- 
ually to a commutator 22, preferably based on solid 
state switching and therefore miniaturised for inclu- 
sion in the pig itself. The function of the commuta- 
tor is to sample sequentially the signals from the 
secondary coils in continuously repeated cycles, 
the signals so sampled being fed serially to a 
balance circuit 24 which effects balancing with ref- 
erence to a signal derived from the generator 20 
through an appropriately adjusted reference signal 
generator 26. 

Signals indicative of property variations in the 
tube wall which arise from imbalance in the circuit 
24 are amplified in an amplifier 28 and are fed to 
synchronous detectors 30 and 32 which derive 
phase reference signals from the generator 20 
through phase reference circuitry 34. From the 
synchronous detectors the output may be dis- 
played and/or recorded, as desired, by use of 
appropriate equipment 36. 

In the illustrated example the primary coils 14 
and 16 are balanced, that is to say, each having 
like flux generating capacity. This is a convenience 
but is not essential since an imbalance can be 
compensated in the balance circuit 24. The normal 
eddy current distribution to which the flux gives 
rise in the tube wall undergoes perturbation in 
response to property variations encompassing such 
phenomena as cracking by stress corrosion or fa- 
tigue, dimensional variations, non-uniformity of 



composition, and localised degradation, such as 
intergranular attack. The modifications which these 
perturbations cause in the magnetic field concen- 
trated in the annular gap between the primary coils 

5 are sensed by the secondary coils, the field being 
concentrated for increasing sensitivity by narrowing 
to the utmost the width of the annular gap and, for 
this purpose, limiting the lateral dimensions of the 
detector means (the secondary coils in this exam- 

10 pie) to as little as is compatible with optimum 
operation. 

Travel of the pig down the tube will be in a 
fixed angular orientation. Rotation is unnecessary 
since the sequential sampling of the detector 

75 means achieves a pseudo-rotative effect. The 
switching rate for the sequential sampling will of 
course be correlated with the rate of travel down 
the tube according to closeness of scan desired. 
Also the choice of different exitation frequencies for 

20 the primary coils enables, in known manner, a 
variation in the range to which examination is ex- 
tended depthwise in the tube wall and beyond. 
Hence, with co-ordinates available for both angular 
and lengthwise positions, it is possible with the 

25 appropriate record/display equipment to reproduce 
the examination data in the form of an isometric 
map. 

For use externally of cylindrical material to be 
examined, as is necessary with material of solid 
30 section, the pig would instead be arranged with a 
bore of uniform diameter matching that of the ma- 
terial and the primary and secondary coils would 
be disposed invertedly to be effective at the bore. 
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Claims 



1. A method of non-destructively examining by 
electromagnetic induction a metallic material in cy- 

40 lindrical solid or tubular form, characterised by 
closely electromagnetically coupling with the ma- 
terial primary coils (14,16) which are separated by 
an annular gap, the primary coils being closely 
fitted around the outer diameter, or the inner diam- 

45 eter if present, of the material; oppositely exciting 
the primary coils by alternating current such that 
the respective magnetic fluxes thereby produced 
are in boosting relationship in the gap; detecting in 
the gap at a discrete location circumferentially 

so thereof flux perturbations caused by variations in 
the properties of the material in the vicinity of that 
location; and shifting in a circumferential sense the 
location at which the detection as aforesaid is oper- 
ative in order that the position in the material of 

55 any detected variation in the properties thereof is 
ascertainable from the location at which the detec- 
tion is operative at the time and the position of the 
primary coils along the length of the material. 
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2. A method as claimed in Claim 1, charac- 
terised in that the shifting of the location at which 
the detection is operative is accomplished by sam- 
pling in sequence a ring of detectors (18a.l8b -) 
disposed in the annular gap between the primary 5 
coils (14,16). 

3. A method as claimed in Claim 1 or Claim 2 
characterised in that the shifting of the location at 
which the detection is operative is carried out si- 
multaneously with displacement of the primary 10 
coils (14.16) lengthwise of the material so as to 
execute a helical scan for variations in the proo 
erties therof. h «h- 

4. Non-destructive examination apparatus op- 

by el9clroni a9netic induction for examining 75 
metallic material in cylindrical solid or tubular form 
characterised by primary coils (14.16) separated by 
an annular gap and sized for close electromagnetic 
coupling with the material by fitting around the 
outer diameter thereof, or the inner diameter if so 
present: a high-frequency alternating current gener- 
ator for exciting the primary coils oppositely such 
that the respective magnetic fluxes thereby pro- 
duced are in boosting relationship in the gap- de- 
tector means (18a,18b -) disposed in the gap to 25 
detect flux perturbations caused by variations in 
the properties of the material in the vicinity of the 
detector means; and means to shift circumferen- 
tially the location at which the detector means is 

operative in order that the position in the material so 
of any detected variation in the properties thereof 
is ascertainable from the location at which the 
detection means is operative at the time and the 
position of the primary coils along the length of the 
material. 

5. Apparatus as claimed in Claim 4, charao 35 
tensed in that the detector means comprises a ring 

of detectors (18a.18b -) disposed in the annular 
gap. and in that switching means (22) is provided 
to connect the detectors sequentially to a signal 4o 
processing circuit (24-36). 

6. Apparatus as claimed in Claim 4 or Claim 5 
characterised in that the detector means comprises 
a secondary coil (18a.18b -) or coils, the coil or 
each such coil being arranged in the annular gap 4S 
with its axis radial to the axis of the primary coils. 
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